Introduction
This research is focused on the observational analyse of the remote impact of the inter El Niño variability in the SALLJ development. During austral summer (December-JanuaryFebruary) there are some meteorological systems that can have an important impact on the precipitation regime of the SA continent. One of these systems is the Low Level Jet east of the Andes or the South American Low Level Jet (SALLJ) defined as a subsynoptic system of wind with high speed, with maximum velocity around 2 km height, horizontal extension of hundreds of kilometers and that occurs in all seasons (e.g., Stensrud, 1996; Douglas et al., 2000; Marengo et al., 2004; Misra et al., 2000; Berbery and Barros, 2002) . This system seems to be responsible for transporting large quantiCorrespondence to: G. A. M. Silva (gyrlene@model.iag.usp.br) ties of water vapor from the Amazon region into central and southern South America mainly during summer (e.g., Berri and Inzunza, 1993; Nogués-Paegle and Mo, 1997; Saulo and Nicolin, 2000; Silva Dias, 2000; Marengo et al., 2004) , generating turbulence through shear and participating actively as trigging mechanism for the formation of severe storm over the Southeast/South of Brazil and Northern Argentina (e.g., Velasco and Fritsch, 1987; Guedes and Silva Dias, 1985; Salio et al., 2002; Nicolini et al., 2002; Nieto Ferreira et al., 2003) .
Some authors have registered the existence of SALLJ in the globe, and the most known are the jets of the Great North American Plain, whose climatology was established by Bonner (1968) . Bonner established criteria for identification of the jets, based in statistical analyses applied over two years of data from 47 stations distributed in the United States. The jets studied by Bonner are responsible for the transport of moisture from Gulf of Mexico to the center of the United States, associated with an intense convection like monsoon during the summer.
A few studies using observations from radiosonde and pilot balons from the LBA WET AMC (Silva Dias et al., 2002) and the SALLJEX field experiment (Vera et al., 2005) , as well as using reanalyses from the National Center for Environmental Prediction (NCEP) have shown the occurrence of SALLJ in different seasons of the year (Paegle, 1998; Douglas et al., 1998; Douglas et al., 2000; Saulo et al., 2000; Misra et al., 2000; Marengo et al., 2004) . However it is in the summer that most intense events bringing moisture from the Amazon region occur. Sugahara et al. (1994) have shown through the analysis of eight summers that, in approximately 30% of the days, the northern flow east of Andes acquired characteristic of low level jet (with speed superior to 8 ms −1 and a vertical shear between 850 and 700 hPa). In the average of the days with jets, the maximum speed reached 13 ms −1 in 850 hPa. The authors compared the days with and without jets through the difference in the Outgoing Longwave Radiation (OLR) field, and they showed that the convection was intense and concentrated in the days with jets and when the (Bonner, 1968) and found that the largest occurrence of jets occur during December to February on the Bolivian region, and is usually followed by the weakening of the SACZ.
Remote processes of large-scale in association with mesoscale processes can explain the precipitation regime over South America (SA). Drumond and Ambrizzi (2003) studied the El Niño (EN) events of 1982/83, 86/87, 91/92 and 97/98, and verified that each episode has a specific SST forcing and atmospheric circulation and therefore a different impact on the Americas precipitation. In the SA, the inter El Niño variability, i.e., the difference between each event, indicates rainfall anomalies mainly over Uruguay, Southern Brazil and Northern Argentina as found by previous studies, though with different intensities and sometimes even opposite signal. Magaña and Ambrizzi (2005) have suggested that the location of the spatial structure of anomalous convective forcing in the tropical Pacific can affect the phase and amplitude of quasi-stationary circulations over the SA and, therefore, the regions of maximum rain intensity.
Data and methodology
Data from National Center for Environmental Prediction (NCEP) (Kalnay et al., 1996) Marengo et al. (2004) was applied to wind data in order to select the SALLJ episodes. It was assumed that the axis of the jet is located around 850 hPa, in the Santa Cruz -Bolivia (17.75 • S; 63.06 • W) region where the authors observed the maximum activity of the system during the summer. The Bonner criterion 1 (Bonner, 1968) was applied to define the occurrence of SALLJ and it is based on the following conditions: (a) the meridional wind must be from north; (b) the magnitude of the wind in 850 hPa must be larger or equal to 12 ms −1 ; and (c) the vertical wind shear should be larger or equal to 6 ms −1 per km between 850 and 700 hPa.
The remote El Niño signal on the atmospheric circulation on SA was investigated by composites of SST anomalies over the Equatorial Pacific and streamfunction anomalies. The regional circulation associated to the SALLJ was examined through the composites of SLP, wind anomalies at 850 hPa and 200 hPa anomalies. The composites were constructed in accordance with the intensity of the EN events, and considering the fields daily mean during the maximum SALLJ activity. A Student's T test (Harrison and Larkin, 1998 ) was applied to the composites to determine the areas of statistical significance. The anomaly of the composite was accepted with the confidence level of 95%. (Fig. 1a) .
On the other hand, during the weak event values around +1.0 • C are centered around on 150 • W to the west of the strong one (Fig. 1b) . Figure 2 shows the composites of the streamfunction anomaly (i.e., with zonal mean removed) at 200 hPa level for the strong and weak EN events. In general, one can see quasi-stationary Rossby waves spanning poleward from the Equatorial Pacific in the upper troposphere as a result of anomalously intense convective activity. Magaña and Ambrizzi (2005) have suggested that the location of the spatial structure of anomalous convective forcing in the tropical Pacific can affect the phase and amplitude of quasi-stationary circulations and, therefore, the regions of maximum rain intensity. During the strong event (Fig. 2a ) the wave train patterns showed higher amplitude and more defined wave structured than in the weak event (Fig. 2b) .
The wind field climatological patterns at low and high levels over the SA are showed in Fig. 3 . At 850 hPa level (Fig. 3a) near the equator the trade winds with magnitude about 11 ms −1 penetrated in the SA. Near the Andes the winds are deflected northeastward going towards the southeast and the low level jet maximum is about 8 ms −1 . Over the south of Brazil it is observed the confluence of the winds coming from the subtropical Atlantic anticyclone and low level jet. At 200 hPa the Bolivian High at 17 • S; 65 • W reinforce the Subtropical Jet (SJ) over the continent between 40 • S and 50 • S.
The Rossby wave pattern showed in Fig. 2 shows influence the atmospheric circulation. The composites of atmospheric circulation for the days with SALLJ maximum activity according the Bonner criteria 1 during the EN of 97/98 and 02/03, respectively, are illustrated in Figs. 4 and 5. These figures show the SLP and low-level wind anomaly at 850 hPa and the high-level wind anomaly at 250 hPa. For the strong EN event one can see the dominance of a lower pressure center over the La Plata basin (Northern Argentina, Paraguay, south of Bolivia and Brazil) and intense LLJ in the area (Fig. 4a) . In the upper level, the SJ streak (Fig. 4b) is larger and stronger than the climatological pattern (Fig. 3b) . In fact, presence of the LLJ, the lower pressure and the SJ over this region, contributes to the enhanced precipitation there, as pointed out by many studies before (Grimm et al., 1998; Magaña and Ambrizzi, 2005 and references therein). On the other hand, during weak EN events, the low pressure center is less defined and the LLJ is displaced northward (Fig. 5a) , being around the climatological position of the SACZ. The SJ is weaker when compared to the previous EN and the core of its maximum intensity is displaced to the South American coast and therefore unfavourable to convective activity over the La Plata basin. Recently, Liebmann et al. (2004) have suggested that on a daily time scale, a preference for rain in the SACZ coincides with a weak jet and dry conditions downstream of it, and vice versa.
From the above analysis it seems that the position and intensity of the SALLJ may vary depending on the strength of an EN event. This result suggests that the quasi-stationary Rossby wave pattern generated due the thermal forcing over the Equatorial Pacific can be a possible mechanism that modulate o SALLJ. Further studies considering a large number of EN events are still necessary before any conclusion can be drawn.
Conclusions
The influence of SST variability presented in the Equatorial Pacific and the internal dynamic of the atmosphere can modulate the south-american continent climate towards low latitudes. The daily SALLJ composites for the two El Niño episodes showed that the position and amplitude of the maximum activity of the LLJ may vary depend on the positioning of the quasi-stationary Rossby waves over the south-american continent. During the strong EN event, the composites showed that SALLJ follows a path slightly southward the climatological low level wind circulation, with the jet maximum over the Northern Argentina, Paraguay and South of Brazil. During the weak event the main axis of the SALLJ moves to the north, close to the SACZ climatological position had been also weaker than the previous event. In summary, the case studies suggest that the atmosphere basic state can be modified depending on the intensity of the El Niño event. Therefore, the position of the quasi-stationary waves may also vary and it can influence the position and intensity of the SALLJ. Further studies considering a large number of EN events are still necessary before any conclusion can be drawn. 
